Introduction
Sittig demonstrated that graphical user interface (GUI) design was more important in physician user satisfaction than electronic medical record (EMR) content, speed, or software capability. 1 The author previously reported on the use of handwriting (in the form of digital ink) and pen computers in the EMR. 2 The report considered its utility in telephone messaging and data entry of unstructured information in the consulting room. Key arguments for the use of handwriting and pen computers are that, in telephone messaging and in the entry of unstructured information in the consulting room, better user acceptance leads to a more complete and fluent entry. 
ABSTRACT
Empirical research has demonstrated that simple design modifications in the electronic medical record (EMR) can improve user acceptance. Changes, such as pagination, the use of wireless pen slate computers and the use of digital ink (the graphic representation of the pen across the computer screen), can make dramatic differences in user performance, reduce uncertainty and increase acceptability. No survey has asked primary care physicians (PCPs) their preference of computer type for use during a consultation. Neither has any investigation determined whether or not physicians believed they could benefit from the use of handwriting (in the entry form of digital ink) as a supplement to the EMR.
A survey was prepared to see if a group of PCPs in private practice was receptive to the use of digital ink, and what type of computer -desktop or wireless pen slate -would be preferred for use during a consultation. A wireless pen slate computer was described as having a screen large enough to display the same image seen on a desktop computer. Screen captures were used to demonstrate digital ink for handwriting and drawing.
One-hundred-and-fifty-six of the 411 physicians responded (37.95%). Five physicians (3.2%) used a computer during a consultation. Ninety-nine (63.46%) would be willing to use a computer during a consultation. One-hundred-and-twenty-one (77.56%) indicated that digital ink would be useful as a supplement to the EMR. Of those who would use a computer during a consultation, 91/99 (91.09%) preferred a wireless pen slate computer to a desktop computer. Subgroup analysis indicated that those physicians who had been in practice more than 25 years or those who had low volume practices were less likely to desire a computer for use during a consultation. No subgroup showed less than 73% support for the use of handwriting in the EMR. Lack of standards (47.68%) and costs (40.40%) were chosen as the major reasons for not purchasing an EMR. Sixty-one PCPs (36.42%) indicated that a lack of typing skills was an issue and 39 (25.83%) said they had no time to learn.
The use of handwriting in the EMR was broadly supported by this group of PCPs in private practice. Likewise, wireless pen computers were the overwhelming choice of computer for use during a consultation. In this group, older and lower volume physicians were less likely to desire a computer for use during a consultation. User acceptance of the EMR may be related to how closely it resembles the processes that are being automated. More surveys are required to determine the needs and expectations of physicians. The data also support other research studies that demonstrate the preference for handwriting and wireless computers, and the need for a limited, standardised and controlled vocabulary.
Keywords: electronic medical record, handwriting, primary care physician, wireless pen computer This paper surveys a population of primary care physicians (PCPs) in private practice in the USA to determine if there is an interest in handwriting as an application in the EMR. It also reviews the respondents' prospective choices for computer use during a consultation. The latter is a question that has been asked previously only for general clinical use. 3, 4 Several other aspects of this population of PCPs were reviewed to better describe workflow characteristics and help readers identify with the respondents. These include specialty type, years of service, calls handled daily, medical records used daily and patients seen daily. The author also comments on any clear subgroup preference in computer use and the use of handwriting while attempting to correlate the results with previous reports.
While the amount of information available on handwriting and computer preferences by physicians is minimal, computer use during a consultation in one form or another has been discussed. Its use has generated a considerable amount of concern by both patients and physicians. Since these concerns form the basis for the principal questions of this study I will begin with a discussion of the patient consultation.
The patient consultation
Physician computer experience during a consultation While the complete use of computers in the consultation by US family physicians has been shown to flounder under five percent for the past ten years, computer use by physicians in other countries has vastly surpassed that mark. 5, 6 Countries with coordinated programmes between the government, physician groups and physicians, such as in Germany, Sweden and the UK, have succeeded in developing a large base of physicians using computers. 7 Bomba demonstrated that there was a strong imperative between physician financial incentives and a strong government initiative in the use of computers by physicians. 7 However, this trend was limited mostly to countries with socialised medicine, like Sweden, which was demonstrated to have a 72% penetration of computer use by physicians. It was not successful in countries with a prominent private sector, like Australia, where only 14% used computers.
European studies indicate that computer use during a consultation is anywhere from 8.5% to 91%. 8, 9 However, close inspection of Watkins' UK study reveals a limited use of the application rather than full completion of medical notes. 9 Richards also noted a limited use of computers during a consultation among Scottish physicians. 10 In Scotland standards for software and vocabulary are in place. The General Practice Administration System for Scotland (GPASS) combines a standard software package developed by David Ferguson, a general practitioner, with Read codes in reportedly 84% of practices in Scotland. 11 This combination allows data to be collected on a national scale. Richards noticed, however that, while all the physicians claimed to use the computer during a consultation all the time, videotape evidence shows only 51% actually use it. 10 The computers were used almost exclusively to write prescriptions, not medical notes. Watkins determined that, while 91% of physicians claimed to use the computer during a consultation, 75% of the physicians used it only to build the problem list and only 36% used it on every visit. There was no mention of completing medical notes whilst with the patient. Bomba described similar use patterns among Swedish physicians. These studies are similar to Wagner's 1997 US study; all physicians had access to a desktop computer in the consulting room but fewer than 25% used it to complete some of the medical notes. 12 Limited unstructured information was entered using the keyboard, while most notes were completed using dictation and transcription. Waring demonstrated that 8.5% of Wessex practices studied in his 2000 report had completely 'noteless' medical records. He mentioned, however, that only 3.9% of the practices in the study group considered themselves 'paperless'. 8 No mention was made of how telephone messages were handled. Waring's finding is unusual in the literature, which overall fails to demonstrate the type of seamless physician-computer interaction necessary for office process improvement, adequate data entry and greater user satisfaction.
Studies where end-user physicians are not involved with interface design have demonstrated problems with user acceptance. 13, 14 O'Dell noted that the installation of desktop computers in the consulting room resulted in poor acceptance. His study demonstrated this was due to poor typing skills and poor workflow integration. This resulted in a reluctance to use the computer with patients. Chin found physicians were reluctant to complete medical notes during a consultation because of poor typing skills and an increase in the length of the visit when compared with handwriting or dictating after the visit.
Patient concerns
Studies have elicited patient concerns about computer use during a consultation; these involve quality-ofcare and security issues. [15] [16] [17] [18] [19] [20] Brownbridge's UK studies of 1984-86 showed that patients cared more about which doctor they saw than whether or not the doctor used a computer during a consultation. 16, 20 They were more concerned that the physician demonstrated care and compassion. This was also observed by Chin 12 years later. 11 While physicians found the computer cumbersome, patients were not disturbed by its presence. Legler reported no loss of quality of care perceived by patients when physicians used a desktop computer. 21 Brownbridge did observe, however, that patients were aware of the physician's level of comfort with the computer or lack thereof. His initial impulse was to force the user to re-engineer the consultation and interview to accommodate the hardware and software. He subsequently realised that physicians' use of the computer was related to how easily it could be incorporated into the physician's work style. 16 A review of security concerns by patients reveals some irony. Pringle demonstrated in 1984 that 17% of surveyed patients were opposed to a physician using a computer during a consultation. 22 These concerns included general anxiety and depersonalisation but 31% felt the information would not be secure. Rethans noted that patients accepted the use of a computer during the consultation but felt there was a loss of security. 20 Ridsdale's participants believed that an open computer screen was less secure than paper. They also wanted to participate in the completion of medical notes, being able to limit what a physician enteredthis is a situation with which many physicians would not be comfortable. 18 Even though patients should be more concerned about the potential wide dissemination of information through networks and the Internet, these studies indicated that patients were more concerned about a passer-by seeing their information on an open monitor. Patients have become comfortable with the paper record, even though anyone could access it, review it and change information at will. Computer access, on the other hand, is secured by password and usually comes with a user audit trail to keep track of who is reviewing or changing information.
Physician concerns: the graphical user interface (GUI)
Johnston studied the concerns of 897 physicians in private practice. He discovered a perceived negative impact of a computer on the physician-patient consultation. 23 Sittig worked with the Brigham & Women's Integrated Care System. His study demonstrated that graphic user design was more important in user satisfaction than system capability or response time. 1 In medicine, the prevailing opinion has been to use desktop computers because of their low cost, networkability and availability. 14, 16, 24, 25 Physicians have been encouraged to 're-engineer' how they and their staff interact with patients during a consultation and on the telephone. As has been demonstrated by many investigators, interference with normal workflow processes meets with considerable resistance. 2, 14, 16 Several studies have demonstrated that care in considering interface design can improve usability dramatically. Lussier demonstrated that by adding handwriting to the medical record via a pen computer with digital ink, user satisfaction and usability were increased. 26 He also demonstrated that the amount of handwriting required lessened as the user became accustomed to the template format. Fagan and Rindfleisch looked at graphic user design and consultations in multiple practice settings in the US. 27 They viewed the physician-patient interaction as an environment. They concluded that when the physician used a wireless pen-based computer, the interaction with the patient was not disturbed. As with the paper medical record, the pen computer was merely a tool and not the centre of attention, and the physician was able to conduct a more fluid consultation. This was described as 'conversational' (continuous recording) by Warshawsky in his Israeli study. 28 His group and Fagan's both concluded that, when physicians used a keyboard to enter data, they were forced to enter the environment of the computer and separate themselves from the patient. Warshawsky called this type of interaction 'blocked pattern' (data entry at intervals). Both researchers determined that physicians are more comfortable with the more fluid 'conversational' style.
Aisaka studied template and graphic user design in Japan. 29 He compared speed, content and user satisfaction among clinic physicians. He had them compare pen and paper, templates of controlled vocabulary with handwriting of unstructured information with digital ink, and templates with typing of unstructured information. The speed of note taking was the same with both the pen computer/digital ink combination as with pen and paper. The user satisfaction was greater with templates and digital ink design than with pen and paper. The user was able to enter more information using templates, whilst allowing selfexpression, employing the fluency of handwriting with digital ink. Aisaka's clinicians rejected the use of templates and typing combination since their unstructured entry was truncated and slow. Poon also reported that, when allowed to supplement a limited controlled vocabulary with digital ink, the user satisfaction was 100%. 30 This need for fluency and self-expression is not limited to physicians during a consultation. It was also noted in Wilson's US study of visiting nurses. 31 In that study they believed that a totally structured templated note was incomplete. Richards likewise indicated that a template telephone message lacked the personalisation and detail required to prevent future misunderstandings. 32 Nicholas Negroponte, who heads MIT's Media Lab and has worked with human-computer interface design for two decades, agreed. He observed that, when computerisation is first introduced into a manual process, it is more likely to be a successful integration, if the resulting automation very closely resembles the original task. 33 He contends the boundary between the human and the machine should be as invisible as possible and the worker should be completely productive with minimal training.
Methods
The population studied consisted of the PCPs (family practitioners/general practitioners, paediatricians, internists, obstetricians/gynaecologists and dualboarded internists/paediatrician a ) with attending staff privileges b at one or more of the seven community hospitals servicing the northwestern New Jersey counties of Morris, Sussex and Warren. All physicians had offices in the area of the study. The hospital physician directories were used for the most upto-date demographic information and practice type. Only responses from physicians in private practice were accepted. Hospital employed physicians were excluded.
In February 1999, survey letters were sent to each physician explaining the lack of practising physician participation in the selection of standards for the EMR.
Although the author was not charged with the study, he understood that the participants needed to know who was performing the study and what purpose it served.
It was assumed that physicians had limited knowledge of digital ink. The term 'digital ink' , therefore, was not used, and screen captures were given to illustrate the use of handwriting and hand drawn images in a computer application (see Figure 1) . Wireless slate computers were described as no larger than a medical record but with a screen large enough to display the same image as a desktop computer.
A ten-question questionnaire was designed, with closed-ended responses. A designated area was left at the end of the questionnaire for comments (see Appendix A). Six questions were multiple choice in nature. They involved defining the physician's specialty type, years in practice, patients seen per day, medical records used in the office per day, phone calls handled per day and computer choice (see Tables 1, 2 , 3, 4 and 5). Three 'Yes/No' questions dealt with the present use of computers during a consultation, possible use of digital ink in telephone messaging and as a supplement to the medical notes. Finally a multipleanswer question included possible reasons for not presently using a computer during a consultation.
A second letter was sent to survey subjects thanking those who did respond and encouraging those who did not to forward their questionnaire. Responses were compiled using Access forms and a simple database table.
Results
Five physicians (3.2%) in the survey used a computer during a consultation to record the medical record (see Table 6 ). Three of these used proprietary desktop systems, one used the word processor program on a Total non-users 151 6 Our population of physicians in private practice is a great deal like that of the Australian physicians studied by Bomba. He showed that the use of computers was dramatically less among physicians in private practice as opposed to those who received government financial support to subsidise their use, like the Swedes. 7 He also demonstrated that physicians in private practice were less willing to risk financial hardship learning to use an EMR. They were quite capable of earning a living handwriting their notes and saw little imperative to make the change. Ninety-nine (63.5%) of the non-user physicians would be willing to use a computer during a consultation (see Table 7 ). This rate was seen in Smith's study where 60% of the Minnesota Medical Society physicians responding indicated that they would use a computer in practice. 34 Non-physician studies also demonstrate a prospective desire to use computers in the workplace of approximately 60%. 35 This may indicate more of a population trend among non-users than one associated with physicians. As with Bomba's Australian physicians, they saw no reason to take a financial risk; however, as has been previously shown by Poon and Aisaka, physicians who have been shown the benefit of pen computing with handwriting were more willing to use the computer. 29, 30 One-hundred-and-twenty-one (77.56%) indicated that handwriting as demonstrated (see Figure 1 ) would be useful with telephone messages and as a supplement to the medical notes (see Table 8 ). Speed, fluency and accuracy are necessary in telephone documentation. 2, 32, 36 Halam's study indicated that telephone contact accounts for 20% of a PCP's workload. 36 Richards indicated that these documentation attributes are necessary to prevent future misunderstandings, which may lead to litigation. 32 One would think these attributes would be particularly important for the physicians who handled more than 30 patient calls per day or those who saw more than 30 patients per day. However, there was no preference in any subgroup toward the use of handwriting, except for the group with fewer than five years of practice (26/29 89.6%, CI 77.6 + OR -8.6) (see Table 9 ). All other subgroups were remarkably consistent in their support of the idea of handwriting. Of the 12.2% who did not like the idea of handwriting, only one mentioned legibility as a reason and three others were already using either proprietary desktop systems or a laptop with a keyboard.
Of the 99 (63.5%) who would work with a computer during a consultation, 55 favoured a wireless slate in the consulting room and the availability of a desktop computer in the office (see Table 10 ). Penrod indicated that academic physicians preferred desktop computers, while physicians in private practice preferred portable, hand-held devices. 37 Presumably these physicians are comfortable with the familiar desktop computer and appreciate its larger monitor as well as the greater number of applications available for use. Physicians in private practice, on the other hand, demonstrated greater concern for the workflow impact of computers and therefore preferred hand-held devices for consulting room use. This was a confirmation of Fagan's work in the late 1980s and 1990s where the pen computer was viewed as a tool because of its mobility and relative invisibility while in the consulting room. Thirty-six physicians (36.36%) chose a wireless slate alone with access to a keyboard if desired; seven (7.07%) preferred a desktop computer for use during a consultation. Of the seven who chose desktop computers, three already were using them. Some physicians, as reviewed by Penrod and others, prefer desktop computers for use during a consultation. 38 Any applications should be able to accommodate several types of data entry. Overall, the 91.9% of respondents who would use a computer during a consultation prefer a wireless pen-based computer. This correlates closely with surveys done by Ebell and Strasberg. 3, 4 Of all the variables, only years of practice showed any significance in the acceptance of computers for use during a consultation. Sixty-nine percent of those in practice for less than five years would use a computer during a consultation, while only 44% of those in practice for more than 25 years were willing to use one (see Table 9 ). Szecseny also saw this age difference. 39 Clayton discovered that neither age nor specialty proved important factors in computer acceptance. 40 His study demonstrated equal use once implementation had occurred. Based on the comments offered by those in practice for longer than 25 years in our study, it did not make sense to invest time or money at this point in their careers. Bomba indicated that individuals in this stage of their career might feel differently if they were subsidised for the use of an EMR. 7 Those physicians, who saw fewer than ten patients per day, reviewed fewer than 20 medical records per day and handled fewer than ten calls daily, were statistically less likely to want to use a computer during a consultation (see Tables 11 and 12 ). Those seeing fewer than ten patients daily were the most receptive to the use of handwriting (see Table 13 ). Although the literature does not address this finding, it may be due to the inexperience of younger physicians to the interview process. Szecseny noted younger physicians have been shown to be more willing to use computers in general but were the most receptive to using handwriting as a supplement during a consultation. This may indicate a greater comfort with computers but a reduced level of comfort with the interview process. Clearly, developing a style and comfort level in the interview process takes years of experience. It may also indicate that physicians with low volume practices had adequate time to document without the need for the EMR. Present computer use was so low (3.2%) that no pattern could be seen.
The major reason physicians gave for not using a computer was lack of standardisation of hardware or software (see Table 14 ). The need for a standardised data dictionary that will allow transmission protocols is a major roadblock to the exchange of medical information. 41 Likewise, the importance of data conservation is a genuine concern of physicians in private practice. 7 Presently, if an EMR application is upgraded or changed to another vendor, much of the data may be lost completely because of differences in database structure. Also, there is as yet little or no mention in the literature of what elements of the consultation need to be structured. The New Zealand Health Information Service (NZHIS) suggests that only portions of the history and consultation that lend themselves easily to a simple structured response need to have a controlled medical vocabulary. 42 This would minimise the need for presently available dictionaries like SNOMED, Medcin and Read codes to completely structure the note. According to the NZHIS, in language we rely on shared experiences as well as implied conventions to overcome differences in semantics and syntax. Nearly two decades ago Brownbridge discovered that confining a user to a large rigid vocabulary would limit fluency and personalisation of the note. A limited controlled vocabulary, which has been shown to be easier to learn and use, has been shown to lead to greater user satisfaction and participation. 30, 43 The physicians in this study seem concerned about both standardisation of data entry and workflow given the overwhelming approval of handwriting for telephone messages and unstructured data entry during a consultation (77.56%). This combined pattern of acceptance has been previously described. 29, 30 Cost was the second greatest concern and was seen as the primary reason for lack of use by other investigators (see Table 14 ). 7, 8 The concern over upgradeability as mentioned above may well contribute to a physician's concern over cost. If data must be re-entered into a new system, that cost may prove prohibitive. Concern about typing by physicians is commonly reported but physicians in private practice are equally concerned about inadequate staff typing abilities. 2 A 20% drop in gross collection percentage over the last 15 years in the US has reduced disposable income and has compelled many small practices to use part-time and poorly trained clerical help to record telephone messages. 44 The use of handwriting in the form of digital ink would facilitate staff training and allow for accurate message recording because of the fluency, speed and accuracy of the written language.
Problems with the study
The population of 411 and the response group of 156 are small. The response rate of 37.96%, however, is not unlike other studies of this type of population. A larger population may have yielded larger subgroups, which may have resulted in clearer trends. Smith chose a population based on membership in a medical society and obtained a response of 24.2%, while Strasberg was able to get a response from 46% of pre-selected 'motivated' physicians. 3, 34 In any population survey response error is a limiting factor. However, the responses of this group of physicians concerning computer preference, actual use and willingness to use computers was in line with other studies referred to in this paper. Likewise, the preference for handwriting has been confirmed in several empirical studies done previously and helps to validate the responses obtained.
The choice of closed questions was made to force the respondents into making firm decisions. This may have contributed to some non-responses seen in the digital ink question and with computer choice (see Tables 8 and 10 ). More open-ended responses may have contributed some added insights but would have taken physicians longer to complete and may have led to a lower response rate. It was also selected to make the subject matter clearer and the responses easier.
Lack of education in computer types and available entry applications may have contributed to physician responses since most physician exposure has been to desktop computers. 3 In this survey an attempt was made to educate physicians, at least in regards to digital ink, by demonstrating it in screen captures.
Conclusion and recommendations
The acceptance of computers for use during a consultation has found a strong foothold in nations where socialised medicine and strong government advocacy is prevalent. 7, 39, 45 In these countries the diffusion rate of data standards and computer use by physicians seems to have fostered a very positive attitude toward the need for an EMR. Much of this use is application based. This has been due in part to the 'blocked-type' data entry associated with desktop computing. 27, 28 The actual amount of completed computerised notes has been shown to be as low as 8.3%. 8 Academic physicians who need not be concerned about office workflow issues have also used this pattern of data entry. With government-based health care, physician productivity is a problem. 7 Some of these governments hope to increase physician productivity and compliance to a more complete medical record by employing quality factors within the calculation of a physician's salary.
In countries such as the US and Australia health care is, for the most part, privatised. The interest in EMR development among these physicians is markedly reduced. 6, 7 Here physicians fail to see the imperative nature of the EMR and are deterred by factors such as cost, lack of standardisation and poor workflow design. In a market-based healthcare system, physicians generate an income directly related to their productivity. Re-engineering office workflow by adding desktop computers to the consulting room has been shown to reduce physician productivity. 14 In countries with some form of socialised medicine, as well as those employing the market-based healthcare system, ongoing goals are to reduce the cost, improve productivity and increase the quality of health care. Marketing of EMRs should be directed toward making a physician productive and improving office processes. With greater user acceptance, the qualityof-care benefits of an EMR will be appreciated on a global scale. These would include, but are not limited to, fewer order entry errors, better medication and health maintenance tracking, global access of patient information by consent, and for blinded actuarial and epidemiological analysis. Such knowledge would allow governments as well as physicians reliably to put resources where they are needed and to monitor progress of interventions more actively.
Governments in market-based healthcare countries should also offer financial incentives to defray the costs of EMR implementation and the development of a controlled medical vocabulary. Also, EMR vendors should use physician design preferences, like handwriting, to help sell their products. It is ironic that, in a free market society, vendors selling EMR applications and hardware have mysteriously decided to sell what they believe physicians should use, rather than determining what features will sell.
Empirical studies have shown that the combination of a limited, controlled medical vocabulary with the use of handwriting allows physicians to be quickly productive. Presently existing vocabularies are both too cumbersome to use and at the same time too limited to replace the fluency of human language for detailed and personalised information. As has been suggested, only the sections of the consultation, such as social history, past history, medications, allergies, family history, review of systems, part of the physical examination, portions of the history of present illness, diagnosis and procedure codes, should be held to a limited data dictionary. 42 This information could then be sent anywhere a patient seeks medical care. If countries with socialised medicine expect their physicians to become more productive in the future then they too will eventually be obliged to market EMRs toward improving office workflow processes in order to ultimately achieve an improvement in the quality of patient care.
The early implementers of the EMR had been forced to use desktop technology. Through perseverance, these pioneers have learned to use applications with 'block-type' data entry in their use of the EMR. Unfortunately, since this type of computing has been the only widely available model, many well-intentioned individuals are advocating that all physicians 'reengineer' how they record patient consultations in order to accommodate the existing technology. This philosophy has not succeeded. As this survey has demonstrated, physicians, at least in private practice, are interested in hardware and software alternatives that allow them to remain productive, while giving them the benefits of both structured information and adequate self-expression. Handwriting and pen computers are only two of these alternatives. More physician population survey studies need to be done to determine better what characteristics and attributes an EMR must have in order to be accepted by practising physicians.
